Objective: To assess the diagnostic yield of fibreoptic bronchoscopy and bronchoalveolar lavage (BAL) compared to gastric aspiration (GA) in children with probable pulmonary tuberculosis (TB). Methods: Children with probable pulmonary TB were subjected to bronchoscopy, BAL and gastric aspiration. The samples were examined for acid fast bacilli (AFB) on smear. Results: A total of 52 children underwent bronchoscopy with BAL and GA. AFB on smear was identified in 19 (36.5%); BAL was positive in 16 (30.8%) and GA was positive in 11 (21.15%). GA alone was positive in 3 (5.67%) while BAL alone was positive in 8 (15.38%). Bronchoscopy detected airways' abnormality in 29 (56%) of patients. One GA and BAL detected AFB in majority of patients. Conclusion: The diagnostic yield for AFB from BAL was better than that from GA in children with probable pulmonary TB. Combining one GA and bronchoscopy may improve AFB yield in children with pulmonary TB.
Introduction
Bronchoscopy with bronchoalveolar lavage (BAL) is an important tool for the diagnosis of pulmonary pathology. Flexible fibreoptic bronchoscopy is a relatively safe and minimally invasive means to obtain BAL fluid. It is usually well tolerated.
Childhood tuberculosis (TB) accounts for upto 9% of global TB cases [1, 2] . The definite diagnosis of TB requires microbiological confirmation, for the best use of antituberculous medication and for epidemiological tracing of isolates. However, this is difficult in infants and young children in whom clinical and radiological signs can be non-specific and variable [3] . Demonstration of acid fast bacilli (AFB) in sequential gastric lavages [4] and induced sputum [5] are the commonly used methods for confirmation of TB in children. Though simple, the former needs an overnight fast and repeated specimens for optimal yield. Moreover, the procedure is time consuming and unpleasant for both child and health worker [5] . Improved capability to confirm diagnosis, critically, would lead to better management of childhood TB and would greatly boost meaningful research in many related areas [6, 7] .
Bronchoscopy could improve the isolation rate of Mycobacterium tuberculosis. It permits direct visualization of the tracheobronchial tree up to a few genera and direct sampling from affected segment. It is an invasive procedure, requiring local anesthesia. It also requires technical expertise. Only few investigators have compared the utility of gastric aspirates (GAs) and BAL in the diagnosis of pulmonary TB [8] [9] [10] [11] [12] [13] ; three of these refer entirely to TB in children [8] [9] [10] . However, many of the studies in the pediatric age group have retrospectively evaluated the role of bronchoscopy and BAL in diagnosis of pulmonary TB [8] [9] [10] .
The aim of the present study was to compare specimens obtained by BAL with GAs for yield of M. tuberculosis in children with probable pulmonary TB.
Methods

Patients
Between March 2007 and April 2008, children <16 years of age who attended the Pediatric Chest and Tuberculosis Clinics at Department of Pediatrics, All India Institute of Medical Sciences (AIIMS), New Delhi, India, with probable pulmonary TB, were enrolled. A diagnosis of probable pulmonary TB was made on the basis of persistent cough (!2 weeks), fever and persistent radiological infiltrates (CXR showing atelectasis, consolidation, cavitations or effusion) not responding to (nonantimycobacterial) antimicrobials. Children were excluded if they were taking prophylaxis or treatment for TB, were known to be HIV infected or had respiratory failure. Written, informed consent for enrollment was obtained from a parent or legal guardian. The study was approved by the Ethics Committee of the AIIMS, New Delhi.
History and examination findings were recorded. Details of prior investigations viz Mantoux test, HIV testing if done, antibiotic therapy, ESR were also recorded.
Procedures
After an overnight fast of at least 6 h, a nasogastric tube was passed before the child got up and gastric content was aspirated. If the aspirate was <10 ml, normal saline (10 ml) was injected in the tube, left for 2-3 min and then aspirated until !10 ml of aspirate was obtained. Gastric aspirate (GA) was placed in a sterile tube and transported to laboratory immediately for direct AFB smear examination by ZiehlNeelsen (ZN) method.
Bronchoscopic evaluation and BAL were performed using a flexible fibreoptic bronchoscope (Olympus 3.6 mm D) with sedation, and local anesthetic. Intravenous midazolam (0.15 mg/kg) and pethidine (1-2 mg/kg) were used in all the patients. Atropine (0.01 mg/kg, minimum dose 0.1 mg) was injected intravenously 10 min prior to the procedure. We used lignocaine 2% jelly in the nostril and sprayed 1% lignocaine over the vocal cords on visualization. The flexible bronchoscope was passed through the roomier nostril. Free flow oxygen was given through the other. Heart rate and SpO 2 were continuously monitored.
We evaluated the tracheobronchial tree for any endobrancheal mass/caseum/granulation tissue/ compression. BAL was done with sterile 0.9% saline (2-3 ml/kg; !10 ml) from the radiologically affected segment and directly visualized affected segment/ lesion. It was collected into a sterile container and sent to the laboratory immediately for direct AFB smear for M. tuberculosis. Post procedure, the children were monitored for respiratory distress, oxygen saturation and hemodynamic parameters. Standard laboratory methods were used for detection of AFB on the obtained specimen [14] .
Mantoux testing, chest roentgenogram and other investigations were done as per standard practice at the AIIMS.
The data were managed on Microsoft Excel spread sheet and analyzed using Stata 9.0 (StataCorp, College Station, TX). The difference in yield of AFB from BAL and GA was compared using the McNemar's test. The odds of getting AFB positivity from the samples of both procedures were also compared.
Results
A total of 52 children were enrolled who underwent both bronchoscopy and at least one gastric aspiration. Of them, 22 (42.3%) were girls with mean age of 7.8 AE 3.93 years (range: 0.75-16 years). Thirty eight (73%) children had cough of >2 weeks. However, Mantoux test reading was reported only in 34 children, of whom 27 (65.4%) had a positive reaction. Chest roentgenography showed mediastinal adenopathy in 11; cavity as predominant finding in 5; consolidation as predominant finding in 13 and predominantly parenchymal infiltrates in the rest.
GA-smear positivity
Eleven children (21.15%) had at least one GA-smear positive for AFB. Samples from 6 children (out of 52) were positive in first GA (Table 1) .Twenty two children who underwent three GAs, 5 had at least one positive specimen. The first specimen from all 22 children was negative, while 1 specimen was positive in second GA and 5 were positive in the third. The positivity increased with increasing number of GAs. Three children had mild nasal bleed after GA procedure. Some discomfort was expressed by all of them.
Bronchoscopy and BAL A single BAL sample was obtained from each of the 52 patients. The smear was positive for AFB in 16 (31%) patients. Among them, only one sample of BAL grew M. tuberculosis. Abnormalities in airways were observed in 29 (56%) patients. Gross findings on flexible bronchoscopy in children with suspected pulmonary TB included pale and unhealthy looking mucosa, external compression or caseation in the lumen and endobronchial lesions or normal (Table 2) . Bronchoscopic evidence of 'single plaques/caseastion and endobronchial lesions', if found, had maximum positivity rate for AFB on smear.
Forty six (88.5%) children did not have any procedure-related complications. Symptoms of cough, hoarseness of voice, transient decrease in saturation and streaking of sputum with blood for <1 day were found in 6 of the children. Tables 3 and 4) .
Radiology findings and AFB positivity
Twenty three children had only parenchymal infiltrates, 13 had consolidation, 11 had mediastinal adenopathy and 5 had cavity on skiagram chest. AFB positivity was maximum in those with cavity on X-ray film of chest (Table 5) .
Discussion
In our study, the diagnostic yield from BAL was better than that from GAs in infants and children with probable pulmonary TB. The proportionate yield of AFB from one sample of BAL was better than the yield from two sequential gastric lavages. Furthermore, the yield from one sample of BAL was equivalent to three sequential GAs. It had the advantage of quicker diagnosis and direct visual correlation in a few cases (especially endobronchial lesions/ plaques /caseation). BAL added eight more positive results over GA while GA added three positive results, exclusively. Only 22 out of 52 patients underwent three GAs. If one GA and BAL is combined AFB could be documented in 89% of the patients in whom finally AFB was positive after performing three GAs and BAL. Conventional teaching has been that young children with TB have paucibacillary disease; use of an acid-fast smear on a BAL specimen from an affected area could, therefore, improve detection in young children with suspected pulmonary TB and enable timely initiation of antituberculous treatment. Only few previously published studies have compared the utility of GA and BAL in the diagnosis of pulmonary TB. Somu et al. [9] and Abadco and Steiner [10] reported that bronchoscopy did not add to the number of positive results of GA culture. This contrasts with the findings of Singh et al. [8] and Dickson et al. [11] that bronchoscopy was superior to GA for culture confirmation of diagnosis of TB. Kartaloglu et al. [15] and Okutan et al. [16] studied a total of 207 adult patients and suggested that BAL should be performed for diagnosis of pulmonary TB in smearnegative cases of pulmonary TB.
At present, three (and now two) sequential early morning gastric lavages are recommended for microbiological confirmation in young children. Although these can be done in an ambulatory setting [17] , most children need to be hospitalized. Furthermore, this technique is time consuming, needs fasting beforehand and is distressing to child and health worker. Even under ideal circumstances, isolation rates for M. tuberculosis from gastric lavage range from 28 to 40% in children with suspected TB, although rates can rise to 75% in infants [17] [18] [19] [20] .
Bronchoscopy and lavage have not been regarded as feasible in young children [3] . Bronchoscopy and BAL needs expertise and expensive equipment. It is a minimally invasive procedure. However, it can be performed as an outpatient procedure and gives quick results.
De Blic et al. [21] emphasized flexible bronchoscopy in the management of childhood pulmonary TB, as it (i) guided the use of prednisone therapy, especially in endobronchial TB, and; (ii) indicated need for resection of granulation tissue. Charoenratanakul et al. [22] studied 40 children with suspected pulmonary TB and concluded that in an area with a high prevalence of TB, bronchoscopic procedures should be performed in those cases in which other diagnoses must be ruled out. Bibi et al. [23] analyzed 422 children who underwent bronchoscopy and found that external compression at the entrance to the right main bronchus is suggestive of pulmonary TB infection. Petrovic et al. [24] compared the yields from BAL, GA and sputum in 30 children and found the yield from BAL better than that from sputum in children aged between 0.5 and 18 years.
Tolerability and safety of bronchoscopy and lavage were excellent even though children were moderately ill as evident from the need for admission for their clinical disease. Much of the adverse reactions can be effectively prevented by premedicating, as in this study. Universal precautions should be taken for bronchoscopy and lavage, especially in areas of high HIV prevalence since hemoptysis may occur in a few children after this technique, although none is reported in our study.
Combining BAL and GA analysis provided a yield of AFB of 36.5%. This is similar to findings in other series (38%) [11] . Hence, the combination of bronchoscopy and GAs may be regarded as optimal for the diagnosis of suspected pulmonary TB, in children.
Direct visualization of the tracheobronchial tree and findings of whitish caseous material, endobronchial plaques and lesions enabled a few children to be started on antitubercular therapy soon after the procedure and steroid could be started in those with endobronchial lesions. This is a distinct advantage as reported by other investigators also [21] [22] [23] .
Strength of our study is that this was a prospective observational study describing airway abnormalities in children with pulmonary TB.
Our study had certain limitations. We could not perform three GAs and culture for M. tuberculosis in all the patients and we relied on AFB smear report. In situations of very high or poor yield of Mycobacterium in culture, use of an AFB smear on a respiratory specimen to improve detection and enable timely initiation of antituberculous treatment, in young children with suspected pulmonary TB has been advocated [5] .
